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FOREWARD

Hydraulic model studies of the outlet works for Medicine
Creek Dam, Frenchman-Cambridge Division, Missouri River Basin
Project, were conducted in the Hydraulic Laboratory of the Bureau
of Reclamation at Denver, Colorado, during the period of March 1947
to June 1948.

The final plans, evolved from this study, were developed
through the cooperation of the staffs of the Spillway and Outlets
Section No, 2, the Mechanical Section, and the Hydraulic Laboratory.

During the course of the model studies, Messrs. H. W. Tabor
and E. L. Redding of Spillway and Outlets Section No. 2 frequently
visited the laboratory to observe the model operation: and to discuss
test results. Messrs. W. G. Weber and John W. Adolpson of the
Mechanical Section observed the tests on the downstream gate frame.

These studies were conducted by Messrs., T. J. Rhone,
G. L. Beichley, and W. B. MCB‘lrney The writer was in charge

of the investigations under the supervision of Messrs. A. J. Peterka
and J. N. Bradley.
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SUMMARY

The hydraulic model studies discussed in this report were
made to test and develop a satisfactory stilling basin for the Medicine
Creek Dam outlet works, to develop an economical and workable tran-
sition between the stilling basin and the downstream channel, and to
check the performance of a modified type of slide gate used to regulate.
the flow. The results and recommendations contained herein are based
on studies conducted on a 1:12 scale model of the outlet works, Figure 4.

As a result of the model studies, several changes were made
in the preliminary arrangement of the stilling basin and transition in
addition to a redesign of the downstream gate frame.

The roof -~ the downstream gate frame, Figure 6, was raised
to provide ventilaticn of the issuing jet and to permit the jet to flow
free of the roof, Figure 7. Also, the parallel sidewalls of the gate
frame in the preliminary design were flared outward to take advantage
of the natural tendency for the flow to spread laterally. Uniform distri-
bution of the flow across the width of the basin was obtained by adjust-
ing the angle of divergence. Changes in the gate leaf design resulting
from model studies of the Cedar Bluff outlet works, which has a similar
gate and which was being investigated concurrently with these studies,
were also tested in the modei. o

Six different stilling basins were tested, Figures 12 and 13,
The recommended design differed from the preliminary basin in that
the downstream portion of the basin was widened from 10 feet 8 inches
to 13 feet, a steeper parabolic trajectory curve was installed, and
diverging training walls were used to uniformly spread the flow from
the gate frame to the stilling basin. Figure 22 is a detailed drawing
embodying the recommended changes evolved from these studies.




Four arrangements of the transition from the stilling basin
to the downstream channel were studied. The tests resulted in the
elimination of the warped training walls which were replaced with
vertical walls sloping from 14. 4 feet at the basin to 1 foot in height
at the channel. These changes resulted in considerable economy in
construction costs with no sacrifice in the operating characteristics
of the transition. Figure 18 shows the various transitions tested,
while Figure 19 shows a discharge of 300 second-feet through the
transitions, and Figure 20 indicates the amount of the resulting scour.

The feasibility of installing baffle piers and/or siderails
in the stilling basin was investigated and results of these studies are
discussed on page 11,

The performance of the recommended basin was satisfactory
at all flows. Figures 23 to 25, inclusive, show the operation of the
recommended design at discharges of 434, 300, and 150 second-feet.

Water-surface profiles and pressures along the invert curve
leading to the basin were obtained and are shown in Figures 30 to 34

INTRODUCTION

Medicine Creek Reservoir is a part of the Frenchman-
Cambridge Division of the Missouri River Basin Project and, in con-
junction with the Enders Reservoir, will be used for storage of irri-
gation water and flood control. Medicine Creek Dam is located
approximately 10 miles north of Cambridge, Mebraska, Figure 1, on
Medicine Creek which discharges into the Republican River., The
dam is a compacted earth structure approximately 4, 000 feet 'in
length, rising 102 feet above the streambed.

The spillway, which is uncontrolled and has a crest length
of 229 feet and a maximum discharge capacity of 98, 000 cubic feet
per second, is located at the left abutment of the dam. Approximately
1,600 feet to the right of the spillway is located the outlet works
through which water is released for irrigation purposes. The design
flow through the outlet works is 300 second-feet although the stilling
basin has been designed for a maximum discharge of 462 second-feet
at the maximum reservoir elevation of 2394. 8 feet.

The outlet works consist of a 44-inch diameter outlet pipe,
306 feet in length and installed in an 8-foot diameter horseshoe tunnel,
which was used for diversion purposes during construction; the stilling
basin; transition; and a channel joining the stilling basin to the orig-
inal streambed. Flow through the outlet works is controlled by a
3-foot 3-inch by 3-foot 3-inch high-pressure slide gate, located at the
downstream end of the outlet pipe, Figures 2 and 3.




The hydraulic model tests discussed in this report were
necessary to study the distribution of flow downstream from the slide
gate, the stilling basin performance, and the flow distribution as the
water enters the downstream channel,

THE 1:12 SCALE MODEL

Construction of Model

The model of the outlet works was built to a geometrical
scale of 1:12 and consisted of a headbox used to represent the reservoir,
a short section of 3. 67-inch diameter pipe leading from the headbox to
the control house, a 3-1/4- by 3-1/4-inch slide gate, the stilling basin,
and a section of the channel below the basin, Figure 4, The outlet pipe
upstream from the control house was not modeled since the outlet pipe
flows under pressure and no hydraulic problems are anticipated in that
portion of the structure. The outlet pipe was represented by a2 3-foot
length of pipe, 3.67 inches in diameter, which was equipped with a bell-
mouth entrance and flow straightener at the inlet end. Water was sup-
plied to the headbox from one of the portable laboratory pumps and was
metered through a combination venturi and orifice meter. Flow into
the stilling basin was controlled by a small handwheel incorporated in
the 3-1/4- by 3-1/4-inch slide gate, which was built to scale to repre-
sent the 3-foot 3-inch by 3-foot 3-inch prototype gate. . Tail-water
elevations in the stilling basin and channel, which were set according
to the tail-water curve, Figure 35, were controlled by a tail gate located
at the downstream end of the model.

The headbox, stilling basin, and downstream channel were
constructed of wood and lined with galvanized sheet metal. The invert
curve and transition were made of neat concrete formed to metal tem-
plates. The trapezoidal channel below the basin was formed of concrete
over metal lath and placed 3 inches below grade. During the erosion
and wave studies the channel was filled to grade by placing compacted
sand over the concrete. The mean diameter of the sand used in the
erosion tests was 0.9 millimeter with approximately 27 percent passing
a No. 30 sieve and 10 percent retained by a No. 8 sieve. :

Operation of Model

Since the outlet conduit from the trashrack structure to the
gate chamber was not reproduced in the model, the conduit head losses
upstream irom the slide gate were calculated to determine the head
required in the model reservoir.

Two methods of calculating the head losses were used: The
Manning formula where

_1.486 .2 gl
V"'__ﬁ—— 1'3' S-z—

3



and the Darcy formula where the loss of head due to friction,

)1 v2
by =19 7,

Throughout the range of reservoir elevations, the Darcy formula gave
approximately 10 percent more discharge for a given head than the
Manning formula. At normal reservoir elevation and with the gate wide
open, the Manning formula gave a discharge of 392 second-feet while
the Darcy formula gave a discharge of 434 second-feet for the same
aperating conditions.

To assure that the stuides covered each possible condition,
the model was operated at normal reservoir elevation using the
maximum discharges obtained from each {riction loss formula. The
entire range of prototype flows below maximum were also studied at
normal reservoir elevation by partially closing the slide gate. At
reservoir elevations above normal, water will spill over the uncontrolled
spillway and, normally, the outlet works will not be used to release
water under these conditions.

Figure 5 shows the head-discharge relationships for gate
openings from 10 to 100 percent for the outlet works. These curves
were computed by the Spillway and Outlets Section No. 2 after the
model studies were completed.

THE INVESTIGATION
Slide Gate Studies

Sidewalls of downstream gate frame. The 3-foot 3-inch by
3-foot J-inch high-pressure gate, Figures 6 and 7TA, which had been
used on Bureau projects since 1935, was installed in the model for the
preliminary stilling basin studies discussed on page 6. However, as
the stilling basin tests progressed, it became apparen: that, in addition
to changes in the stilling basin, alterations of the downstream gate
frame were necessary to obtain satisfactory lateral flow distribution
before the jet reached the stilling pool,

The stilling basin studies indicated that diverging training
walls were desirable to permit the jet to spread from the 3-foot 3-inch
width at the gate.to the 13-foot width of the stilling basin. (Basin No. 4,
page 8). With the diverging training walls, the distribution of flow
immediately below the gate was satisfactory at all heads when the gate
was wide open. However, at partial gate openings, the edges of the jet
failed to follow the training walls for a short distance below the end of
the downstream gate frame. This was due to the restraining effect of
parallel walls of the downstream gate frame which prevented the natural
tendency of the jet to spread at the gate leaf.
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The parallel sidewalls of the downstream gate frame were
rzmoved and the diverging training walls extended to the gate leaf,
Figures 7B and 12D. With the sidewalls of the gate frame thus flared,
the jet was permitted to spread laterally immediately after leaving
the gate leaf. At partial gate openings, the distribution of flow at
the gate leaf was noticeably improved with the jet spreading laterally
to the diverging training walls. At full-gate opening the dppearance
of the flow was essentially the same as before,

To determine the maximum amount of flare permissible, the
training walls were changed to different angles of divergence and the
flow along the walls observed. It was found that for angles of diver-
gence above8030', the edges of the jet failed to follow the training
walls. Therefore, the maximum angle of flare should not exceed 8°30'.

Roof of downstream gate frame. When the gate was in the
fully open position and discharging 200 second-feet or above, the jet
adhered to the roof of the downstream gate frame. Although no pie-
zometers were installed for verification, it was believed that, in the
prototype, pressures below atmospheric would be developed along the
ruof of the gate frame, especially in the vicinity of the gate leaf, and
that some means of venting was necessary to relieve this conditions.

Several measures were tested to provide aeration of the gate
frame roof. An air vent, 5 inches in diameter (prototype), was placed
in the center of the gate frame roof immediately downstr2am from the
gate leaf, Figure 7C. This vent supplied only enough air to free the
jet in the vicinity of and downstream from the air vent. The air failed
to spread laterally across the roof below the gate leaf.

Since adequate aeration was not provided by the single air
vent, the roof was raised 5 inches to permit air to enter from the end
of the gate frame, Figure 7D. This arrangement provided adequate
aeration and the top of the jet was fully aerated back to the gate leaf.

Due to the difficulty of designing a gate with the S-inch rise
in the gate frame roof, the downstream gate frame was modified by
replacing the S-inch rise with a sloping rcof from the gate leaf,
Figure 7TE. The appearance of the jet was essentially the same as
before, and the jet did not adhere to the sloping roof. On the basis of
these tests, it was recommended that the downstream gate frame be
modified to conform to the design shown in Figures 7B and E. Figure 8
is a detailed drawing of the downstream gate frame developed by the
Mechanical Section which embodies the recommendations made by the
laboratory.

Gate leaf and gate slots. At partial gate openings and normal
reservoir elevation, especially in the discharge range of 100 to 150
second-feet, a flow disturbance, similar to a diamond pattern, was




observed immediately downstream from the gate leaf aling the jet
surface, Figure 8A. The disturbance appeared to be ¢ue to a dis-
continuity of flow at the gate siots. Although the disturbance itself
was not objectionable, the flow pattern indicated that further studies
should be made to determine its cause and to investigute the possi-
bility of low pressures in the downstream gate frame.

Since model studies were about to be initiated on Cedar
Bluff outlet works for which a similar type of slide gate was proposed,
it was decided to thoroughly investigate the gate leafl and slots using a
model gate built specifically for gate testing.* These studies resulted
in a redesign of the bottom of the gate leaf and .he addition of fillets
upstream from the gate slots.

Effect of gate modifications on stilling basin performance.
The gate modilicalions recommended Tor The Cedar BIull ouvidlel works
gate were also tested in the Medicine Creek Model after the stilling
basin studies had been completed. Tests using the modified gate were
made to ascertain whetiier the gate changes had affected the stilling
basin performance. Alihough the flow leaving the gate was improved
by eliminating the disturbance previously described, flow into the
stilling basin was not adversely affected. Therefore, no further
stilling basin modifications were considered necessary, and the gaie
improvements evolved from the Cedar Bluff studies were also incor-
porated in the Medicine Creck gate design.

Operation of gate. Figures YB and C shows a comparison of
the flow isstiing Irom the downstream gate frame with the slide gate
fully open and with the gate approximately 97 percent open. In each
case the discharge was approximately 434 second-feet at normal
reservoir elevation. A close study of the two photographs reveals
that the flow was more evenly distributed when the gate was 97 percent
open. There was a lack of spreading when the gate was 100 percent
open, and the flow failed to follow the diverging training walls, How-
ever, if the jet was pinched by slightly closing the gate, the surface of
the jet flattened and the flow distributed evenly between the training
walls.

Therefore, it is recommended that, except in emergencies,
the maximum gate opening shall not exceed 95 percent. '

Stilling basin Studies

Preliminary basin. lnitially, the model was constructed
according to the preliminary basin design, Figure 2, using the original
slide gate. The model is shown in Figure 10. For discharges of 392

*Hydraulic Laboratory Report No. 245, "Hydraulic Model
Studies of Cedar Bluff Outlet Works"




and 434 second-feet at normal reservoir elevation, the flow distribution
in the stilling basin was only fair with most of the {low confined to the
upper two-thirds of the stilling pool depth. Because of the relatively
high tail water, the flow tended to race over the top of the pool surface
rather than plunge downward to the pool bottom. The flow was also
concentrated along the centerline of the basin and large surges were
prevalent throughout its length, Figure 11A.. However, when the slide
gate was partially closed to discharge 300 and then 150 second-feet at
the same reservoir elevation, the jet failed 10 penetrate the stilling
pool and skipped along the surface of the pool, Figure 11B.

These adverse conditions were improved somewhat by placing
two training walls, which diverged to the full basin width at the end of
the inver. curve, immediately downstream from the outlet, Figure 14,
The diverging training walls helped to confine the flow before it entered
the stilling pool, but the jet still failed to penetrate the full pool depth.

Basin No. 2, To improve the distribution of flow before it
entered the pool, a horizontal floor, 15 feet long, was placed between
the end of the outlet and the origin of the invert curve, Figure 12B.
Diverging training walls were also placed downstream from the gate
frame. When the gate was fully open, the horizontal floor helped to
spread the jet, especially for the maximum discharge, but the lateral
distribution of the jet for a discharge of 150 second-feet through a
partially open gate was still unsatisfactory.

At partial gate openings the edges of the jet failed to follow
the training walls for a short distance below the end of the gate frame.
This was apparently due to the restraining effect of the parallel walls
of the downstream gate frame. To remove this restraining effect, the
sidewalls of the downstream gate frame were flared, and the jet was
permitted to spread laterally immediately after leaving the gate frame.
* With the sidewalls flared, the distribution of flow immediately below the
gate was noticeably improved for partial gate openings. At full gate
opening, the appearance of the flow was essentially the same as observed
before the gate frame sidewalls were [lared.

Basin No., 3. Although the previous tests showed that the
distribution of [iow as the jet entered the pool was still inadequate
the appearance of the stilling action also indicated the 10-foot 8-inch
width of the basin was insufficient. It was decided to make a series
of tests using wider basins to determine whether the basin performance
could be improved.

For Basin No. 3, the stilling basin was widened and diverging
training walls were placed between the gate frame and the basin,
Figure 12C. Tests were made using basin widths of 24, 16, and 13 feet.
The width of basin was varied by placing training walls within the tailbox
to give any desired width. The 24-foot basin was entirely too wide, and a
jump did not form for discharges of either 434 or 150 second-feet.




The width of basin was then reduced to 16 feet, The stilling
pool operation was improved but an unstable jump still formed for all
discharges and the full 16-foot width of basin was not utilized by the
stilling action.

The basin width was then further reduced to-13 feet. At the
maximum discharge, the full basin width was utilized and the stilling
action was satisfactory. However, for a discharge of 150 second-feet
and partial gate opening, the jet had a tendency to:flow'over the tail-
water surface and to occupy only the top portion of pool resulting in
surges accompanied by considerable splashing.

At this point in the investigation, the basin appeared to be
sufficiently wide and it was believed adequate stilling action could be
obtained with this basin by improving the flow pattern of the jet before
it entered the stilling pool.

Basin No. 4. Major changes in the upper end of the stilling
basin, from the gate leaf to the end of the trajectory curve, were made
for Basm No. 4. The downstream gate frame was made divergent
laterally from 3 feet 3 inches at the gate leaf to 4 feet 1 inch at a point
3 feet downstream from the gate leaf. Training walls joined the gate
frame and followed the same angle of divergence (7 55') until they inter-
sected the parallel walls of the 13-foot-wide basin. In addition, a hori-
zontal floor, 9 feet long, was placed downstream from the gate frame
and a steeper invert trajectory curve was used. Basin No. 4 is shown
in Figure 12D.

Tests were run with discharges of 150 and 434 second-feet
at normal reservoir elevation, Figure 14. The stilling pool operation
was vastly improved. The horizontal floor together with the diverging
gate frame and training walls improved the distribution of flow below
the gate with the result that the flow entering the stilling basin was
comparatively uniform. The steeper invert curve permitted the jet to =
penetrate more deeply into the pool and a fairly stable jump formed in
the basin. The surges and splash were reduced as compared to the
previous tests but some were still prevalent.

Basin No. 5. Basin No. 5 differed from Basin No. 4 in that the
horizonfal IToor was removed and the origin of the invert curve was
moved to the end of the gate frame, Figure 13A. This change was made
to determine whether the horizontal floor was requlred for the steeper
trajectory curve. Piezometers were installed in the invert curve to
ascertain whether subatmospheric pressures were caused by the steeper
trajectory.

Tests were run through the full range of discharges and the
stilling pool operation was satisfactory. However, from visual observa-
tions, it appeared that the jet did not spread as uniformly as in the



previous tests when the 9-foot long horizontal {loor was used,
Figure 15 shows the model discharging 150 and 434 second-feet.

Pressures along the invert were recorded for discharges
of 150 and 434 second feet at normal reservoir elevation. Pie-
zometers No. 1 and 2, located 3 and 6 feet, respectively, down-
stream from the origin showed pressures of 6 inches of water
(prototype) below atmospheric at a discharge of 150 second-feet.
The remaining piezometers showed pressures above atmospheric,
All the pressures were above atmospheric for a discharge of
434 second-feet, Figure 16,

Basin No. 6. Since the tests on the previous basin showed
no seriously low pressures along the invert curve, a still steeper
parabolic curve, -X“= -143, 28y, was installed. To offset the effect
of the steeper curve, a horizontal floor, 6 feet long, Figure 13B,
was placed between the gate frame and the origin of the curve tc
help spread the jet before it passed over the trajectory curve into
tirte stilling basin, The steeper parabolic curve permitted the flow
to enter the jump at a steeper angle and shortened the trancition
section into the basin.

The model was operated at flows of 150 and 434 second-feet.
In this range of discharges the jet spread satisfactorily and a stable,
uniform jump formed in the stilling basin due to the steeper entry,
Figure 17. The waves in the channel below the structure were nct
objectionable, Figure 19A, and erosion in the channel downstiream
from the concrete floor of the transition was 1.3 feet at the lowest
point, Figure 20A. Pressures observed along the invert curve,
Figure 34, were approximately atmospheric or above. The horizontal
floor upstream from the curve probably helped tc prevent the pres-
sures from being somewhat lower. ‘

It is recommended that the horizontal floor, trajectory curve,
and basin dimensions tested in Basin No. 6 be used for construction
in the field. However, further tests on the transition from the rec-
tangular stilling basin to the trapezoidal channel were made to deter-
mine the most economical design for that section of the structure.

Transition Studies

The channel Lelow the stilling basin is 6. 4 feet higher than
the basin floor and the hottom of the channel leading from the basin
to the river is 12 feet wider than the stilling basin, Figures 2 and 18.
Therefore, a transition is needed to convey the flow from the stilling
basin to the outlet channel.

The transition of the preliminary design consisted of an ur-
ward slope from the basin floor to the bottom of the channel and ~a: ved




wing walls which varied from the vertical at the end of the basin to

a slope of 1-1/2:1 at the channel, Figure 18A. A warped training
wall is not simple to construct in the field because of the complicated
form work and since the stilling basin studies, using the preliminary
transition, showed no particular advantages in operation, it became
apparent that a less costly transition might be substituted without
sacrificing any of the operational efficiency in the stilling pool or
transition.

Several variations of the preliminary design were tested.
Among these were vertical wing walls in place of the warped walls,
vertical walls with sloping top, and longer and milder sloping
bottom in the transition. These different designs are shown in
Figure 18,

From visual observations of the flow, there appeared to
be no appreciable difference in the operation using the various transi-
tions, Figure 18. In each case the flow followed the diverging walls
and was uniformly distributed throughout the width of the transition.
One noticeable objection to the vertical wall transition was the forma-
tion of areas at the end of each wing wall where no flow occurred,
Figure 19B. These areas were partially eliminated by sloping the
tops of the wing walls to a point 1 foot above the channel bottom,
Figure 19C. The training walls of Transition No. 4 were the same
as those in the recommended transition, but the sloping floor was
extended 20 feet upstream into the basin, Figure 18, This change
had the effect of shortening the effective length of the stilling basin.
The longer sloping bottom used in T ransition No. 4, Figure 19D,
gave satisfactory flow through the transition but the stilling pool
operation appeared less adequate. It was felt that the additional
length of stiiling basin afforded by the recommended transition was
needed for the higher discharges and during diversion.

Scour tests in the channel below the transition were run for
each of the above designs and are shown on Figure 20. Each design
was tested by operating the model for a period of time equivalent to
2.3 hours prototype at a discharge of 300 second-feet. ,

The erosion tests showed approximately the same scour for
each of the transition designs. In each case the scour was negligible,
amounting to between 1 and 2 feet below the concrete floor at the down-~
stream end of the transition. The deepest scour occurred approximately
10 feet downstream from the transition and near the right side of the
channel, Figure 18. Since the transition with sloping vertical walls,
Figure 18C, was the most economical of those tested and gave satis-
factory flow with little erosion, this design is recommended for construc-
tion in the field.




The Recommended Design

The recommended design for the complete structure,
evolved from the gate, stilling basin, and transition studies, is
shown on Figures 21 and 22, Figures 23 to 25, inclusive, show the
operation of the recommended basin for discharges of 150, 300,
and 434 second-feet at normal reservoir elevations.

Studies were also made to determine the feasisibity of
placing baffle piers or side rails in the stilling basin, Figures 26
to 28, inclusive. Results of these tests are shown on Figures 29
to 32, inclusive, in which wave heights and average water-surface
profiles are compared for different conditions. A study of Figure 29
reveals that by installing baffle piers on the basin floor, the wave
heights were reduced from an average of approximately 0.6 foot
to 0. 33 foot and the use of rails only reduced the wave heights approx-
imately 0.1 foot in the range of discharges tested. The height of
waves were measured in the channel at a point 10 feet downstream
from the transition and 3 feet from the left edge of the water surface.
The recorded wave height was the difference in elevation between
the maximum crest and minimum trough of the waves measured during
a time inilerval in the model of about 1 minute, ’

Average water-surface profiles were measured along the
centerline of the structure. The effect on the water-surface profiles
of using rails or baffle piers is shown on Figures 30, 31, and 32
for discharges of 150, 300, and 434 second-feet, respectively. It
will be noted that the rails had little effect on the water-surface pro-
file. However, when the baffle piers were installed and at the higher
discharges of 300 and 434 second-feet, the hydraulic jump formed
farther upstream on the trajectory curve tending to shorten the
required length of stilling basin.

Since the stilling basin performed satisfactorily without the
use of baffle piers or rails and:since the slight improvement in the
stilling basin performance resulting from their use was not warranted
by the added expense of installing them, the recommended basin does
not include either baffle piers or rails.

Pressures were obtained along the invert curve for discharges
of 150, 300, and 434 second-feet at normal reservoir elevation with
normal tail water. The lowest pressures recorded under these normal
operating conditions were 0.1 foot (prototype) below atmospheric at
Piezometer No. 7 for discharges of 150 and 300 second-feet, Figure 34.

Piezometers No. 1, 2, and 3 were placed in the corner formed
by the floor and right sidewall of the downstream gate frame to deter-
mine whether adverse pressures were present along the floor of the
gate frame. The pressures measured at these points were all above
atmospheric and are shown on Table 1. Figure 33 shows the location
of the 16 piezometers.
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The shape of the invert curve, especially at the downstream
end, was also checked for adverse pressures at heads well above the
normal reservoir elevation. Pressures were obtained for gate open-
ings of 23, 50, 75, and 100 percent and for total heads up to 95 feet
measured in the conduit at a point 1 diameter upstream {from the
gate. In each case, the channel downstream from the stilling basin
was removed so that the jet swept through the basin permitting the
downstream end of the curve to be studied without the influence of
tail water in the stilling basin, Results of these tests are tabulated
in Table 1, :

The lowest pressure recorded under these abnormal
conditions was 1-1/2 feet (prototype) below atmospheric at Pie-
zometer No. 7 for a discharge of 724 second-feet and a total head
at the gate of 74 feet. This head at the gate represents a reservoir
elevation well above the maximum pool of 2394.¢ feet. Therefore,
the trajectory curve is apparently safe against cavitation for all
possible operating conditions.

12
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Table 1

PRESSURES ALONG INVERT CURVE
For Various Gate Openings

Pressures in feet of water prototype

Total head one diameter
upsiream from gate 56 54 46 95 93 86

Gate opening in percent 50 75 |100 |25 {50 |75

Digcharge in second-feet . .0 363.01]568.

Pressure head at gate in
feet prototype 36

Piezometer No.

1

("%

2

©w e i ;0 o I w (o o

8 = 10 T W e o W W

10

11

-3

12

13

14

15 *0.9 .5

oo
cje (& |6 & |o |d o |&

16 | *1.6] 0.1 1.

*¥Pressures influenced by tail water.
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Figure 9

A. Discharge = 150 second-feet.
Note flow disturbance down-
‘stream from gate leaf.

Discharge = 434 second-feet

B. Slide gate fully open C. Gate closed slightly to pinch
jet.

MEDICINE CREEK OUTLET WORKS
Flow Through Downstream Gate Frame
1:12 Scale Model




Figure 10
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B. Discharge = 150 second-feet

MEDICINE CREEK OUTLET WORKS
Preliminary basin
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B. Discharge = 150 second-feet

MEDICINE CREEK OUTLET WORKS
Basin No. 4
1:12 Scale Model




B. Discharge = 150 second-feet
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Basin No. 5
1:12 Scale Model
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A. Discharge = 434 second-feet

B. Discharge = 150 second-feet
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1:12 Scale Model
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Transition No. 2

C. Recommended Transition D. Transition No. 4

MEDICINE CREEK OUTLET WORKS
Discharge of 300 second-feet through various transitions
1:12 Scale Model




Figure 18

A. Preliminary Transition

C. Recommended Transition D. Transition No. 4

MEDICINE CREEK OUTLET WORKS
Discharge of 300 second-feet through various transitions
1:12 Scale Model




. C. Recommended Transition D. Transition No. 4

MEDICINE CREEK OUTLET WORKS - R
Scour after 3. 2 hours {protctype) operation .
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MEDICINE CREEK OUTLET WORKS
Recommended Basin
Discharge = 434 second-feet
Normal Reservoir Elevation - 2366. 1 feet
1:12 Scale Model




MEDICINE CREEK OUTLET WORKS
Recommended Basin
Discharge = 300 second-feet
Normal Reservoir Elevation - 2366. 1 feet
1:12 Scale Model




MEDICINE CREEK OUTLET WORKS
Recommended Basin
Discharge = 150 second-feet
Normal Reservoir Elevation - 2366. 1 feet
1:12 Scale Model
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C. Discﬁarge = 300 second-feet D. Discharge = 150 second-feet

MEDICINE CREEK OUTLET WORKS
Baffle Piers installed in Basin No. 6
1:12 Scale Model




C. Discharge = 300 second-feet D. Discharge = 150 second-feet
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Side Rails installed in Basin No. 6
1:12 Scale Model
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FIGURE 33
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